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1	Introduction
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For the RAN1 SI on supporting NR from 52.6 GHz to 71 GHz, one of the key objectives has been to study the applicable numerology including new subcarrier spacing [1].

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

According to the current timeline, it is expected that the SI will be concluded in this meeting (Dec 2020) and follow-up RAN1 WI will start from RAN1#104-e (Jan 2021). However, based on the latest agreements made  in the recently concluded RAN1#103-e and as captured in the draft TR [2], it is expected and generally understood by the companies involved that still a considerable time will be spent to make the decision on the set of new numerologies to be specified during the WI phase if no down-selection is made in RAN plenary to clarify the WI scope of previously agreed WID [3]. 

In this contribution, we discuss the need to make a decision on the final set of new numerologies in this RAN meeting and propose to clarify the corresponding WI objectives based on this final set.

2	Discussion
In RAN1#103-e, following agreements related to new numerology were made:

Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
1. It was observed that amount of specification effort increases with the number of new numerologies enabled and supported for 52.6 GHz to 71 GHz frequency.
1. In order to minimize specification effort while maximizing supported use cases and deployment scenarios applicable for 52.6 GHz to 71 GHz frequency, It is recommended to support 120 kHz subcarrier spacing with normal CP length, and at least one more subcarrier spacing. It is recommended to consider supporting at most up to three subcarrier spacings, including 120 kHz subcarrier spacing. Applicability of the supported subcarrier spacing to particular signals and channels should be further discussed in the corresponding WI phase.
1. It is recommended that numerologies 240 kHz, 480 kHz, and 960 kHz are considered as candidates for additional numerologies in addition to 120 kHz, and numerologies outside this range are not supported for any signals or channels.
1. In order to bound implementation complexity, it is recommended to limit the maximum FFT size required to operate system in 52.6 GHz to 71 GHz frequency to 4096 and to limit the maximum of RBs per carrier to 275 RBs.
1. Selection of the additional subcarrier spacing (on top of 120 kHz) should consider versatility of being able to support various applications and deployment scenarios with all the subcarrier spacings that would be supported by specification, accounting for what is already supported in Rel-15 and Rel-16 specifications.
1. Some companies have noted that ability for a deployed system to operate with a single numerology for all channels and signals is beneficial, and some companies have further noted benefit remains even if SSB numerology is different. Some companies have noted mixed numerology operation is functional and is supported in Rel-15 and Rel-16 specifications (e.g. 240 kHz SSB subcarrier spacing with 120 kHz subcarrier spacing for PDCCH/PDSCH/PUSCH/PUCCH/PRACH in an initial BWP and activation of a dedicated BWP with SCS different than the initial BWP) and consideration of single numerology operation is not needed.

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
1. Some companies noted that standardization effort to support 240 kHz, 480 kHz, and 960 kHz numerologies are comparable. Some companies noted that standardization effort for 240 kHz numerology could be relatively smaller compared to 480 kHz or 960 kHz numerologies.
1. The following, which is not an exhaustive list, are some potential physical layer impact that are common to all numerologies:
1. supporting unlicensed operation
1. if mixed numerology is supported, supporting mixed numerology operation.
1. SSB and CORESET#0 offsets needed for supported channelization
1. The following, which is not an exhaustive list, are some potential physical layer impact areas for each numerology:
2. 120 kHz:
0. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if needed
2. 240 kHz:
1. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if needed
1. If common SSB/CORESET0 numerology (240/240) is supported, SSB patterns, and CORESET#0 configuration
1. RO configuration
1. Timelines for scheduling, processing and HARQ
1. Potential enhancement to DM-RS, if needed
1. PDCCH monitoring
2. 480 kHz:
2. If 480 kHz SSB is supported, SSB patterns, and CORESET#0 configuration
2. Timelines for scheduling, processing and HARQ
2. RO configuration
2. Potential enhancement to DM-RS, if needed
2. PDCCH monitoring
2. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if neeeded
2. 960 kHz:
3. Potential consideration of ECP, if needed, depending on deployment scenarios 
3. If 960 kHz SSB is supported, SSB patterns, and CORESET#0 configuration
3. Timelines for scheduling, processing and HARQ
3. RO configuration
3. Potential enhancement to DM-RS, if needed
3. PDCCH monitoring
3. Potential updates to smallest time unit, Tc, used in specifications depending on supported maximum carrier BW

Agreement:
Support of only 240 kHz SCS for PDCCH/PDSCH/PUCCH/PUSCH in addition to 120 kHz should not be considered





Based on these agreements, following alternatives for new numerologies (in addition to 120 kHz) are under consideration for NR from 52.6 GHz to 71 GHz:
· Alt 1: 240kHz, 480kHz
· Alt 2: 240kHz, 960 kHz
· Alt 3: 480kHz, 960kHz,
· Alt 4: 480kHz
· Alt 5: 960kHz
In our view, any normative can only begin in the WI phase after one of the above alternatives is decided to be supported for NR from 52.6 GHz to 71 GHz. This could result in potential delay to the specification of required enhancements for supporting the agreed new numerologies. Moreover, our understanding is that most of the companies have already evaluated these numerologies in the SI based on the agreed set of evaluations assumptions and the corresponding observations are captured in the draft TR [2]. Hence, we don’t foresee any additional evaluations would benefit or provide any further insight to ease the decision on selecting the final set of new numerologies in the WI.
Observation 1: For NR from 52.6 GHz to 71 GHz, based on the agreements in RAN1 during the SI phase, further decision is needed among the five alternatives for different combinations of new numerologies and no normative work can be expected to start before the decision is done. 
Observation 2: For NR from 52.6 GHz to 71 GHz, sufficient evaluations are provided by the companies and several technical aspects have been studied during the SI phase to already make the decision for selection of new numerologies. 
Based on the above observations, we propose RAN plenary to make the decision on one of the alternatives for new numerologies in this meeting and capture this final set in the corresponding revision of the WID [3] . 
Proposal 1: For NR from 52.6 GHz to 71 GHz, decision on final set of new numerologies for NR from 52.6 GHz to 71 GHz should be made in this meeting and captured in the revised WID to clarify the corresponding objectives. 
Furthermore, following set of observations justify the selection of both 480kHz and 960kHz and removing 240kHz for NR operation from 52.6 GHz to 71 GHz
Observation 3: Following observations have been made by several companies during the SI in RAN1:
· Supporting 480kHz and 960kHz provides versatility in terms of use-cases with different requirements. For a reasonably good coverage, 480kHz is needed, while for supporting high throughput requirements , 960kHz is needed. Moreover, we observed that when target BLER of 1% and lower is required, 960kHz performs significantly better.
· For Wi-Fi co-existence in unlicensed band at 60GHz, multiple companies have observed  that it is useful to support a single carrier bandwidth of ~2.16GHz. In order to support single carrier bandwidth above 1.6GHz, a subcarrier spacing of 960kHz is needed.
· Regarding 240kHz, we observe that there is no significant difference in terms of performance and use cases in comparison to 120kHz. Therefore, we don’t see any benefit of supporting 240kHz in addition to 120kHz.
· In terms of specification effort, we don’t expect major differences between 480kHz and 960kHz. Therefore, we think that it is not reasonable to consider the specification effort as a decisive factor for disregarding 960kHz if 480kHz will be support or vice-versa.
· It has been observed that some companies proposed to consider new phase noise models for further evaluations in the 60GHz band. However, we don’t think it is reasonable to consider any new assumptions in the WI phase as it is going to seriously delay any normative work. Furthermore, this would require even further validation of such phase noise models in RAN4 and majority of the companies have not yet considered these new phase noise models. 
Based on above observations, we would recommend following proposal to be agreed in this meeting and define further scope of WI based on the new numerologies, if agreed:
Proposal 2: For NR from 52.6 GHz to 71 GHz, support both 480kHz and 960kHz (in addition to 120kHz) for all channels and signals; and the scope of the WI should be clarified based on the selection of these new numerologies.

3	Conclusion 

Here we summarize the observations and proposals from the above section:

Observation 1: For NR from 52.6 GHz to 71 GHz, based on the agreements in RAN1 during the SI phase, further decision is needed among the five alternatives for different combinations of new numerologies and no normative work can be expected to start before the decision is done. 
Observation 2: For NR from 52.6 GHz to 71 GHz, sufficient evaluations are provided by the companies and several technical aspects have been studied during the SI phase to already make the decision for selection of new numerologies. 
Observation 3: Following observations have been made by several companies during the SI in RAN1:
· Supporting 480kHz and 960kHz provides versatility in terms of use-cases with different requirements. For a reasonably good coverage, 480kHz is needed, while for supporting high throughput requirements , 960kHz is needed. Moreover, we observed that when target BLER of 1% and lower is required, 960kHz performs significantly better.
· For Wi-Fi co-existence in unlicensed band at 60GHz, multiple companies have observed  that it is useful to support a single carrier bandwidth of ~2.16GHz. In order to support single carrier bandwidth above 1.6GHz, a subcarrier spacing of 960kHz is needed.
· Regarding 240kHz, we observe that there is no significant difference in terms of performance and use cases in comparison to 120kHz. Therefore, we don’t see any benefit of supporting 240kHz in addition to 120kHz.
· In terms of specification effort, we don’t expect major differences between 480kHz and 960kHz. Therefore, we think that it is not reasonable to consider the specification effort as a decisive factor for disregarding 960kHz if 480kHz will be support or vice-versa.
· It has been observed that some companies proposed to consider new phase noise models for further evaluations in the 60GHz band. However, we don’t think it is reasonable to consider any new assumptions in the WI phase as it is going to seriously delay any normative work. Furthermore, this would require even further validation of such phase noise models in RAN4 and majority of the companies have not yet considered these new phase noise models. 
Proposal 1: For NR from 52.6 GHz to 71 GHz, decision on final set of new numerologies for NR from 52.6 GHz to 71 GHz should be made in this meeting and captured in the revised WID to clarify the corresponding objectives. 
Proposal 2: For NR from 52.6 GHz to 71 GHz, support both 480kHz and 960kHz (in addition to 120kHz) for all channels and signals; and the scope of the WI should be clarified based on the selection of these new numerologies.
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